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ACCELERATION  OF  THE  DEIONIZATION  OF  A  RAREFIED  GAS  BY  REVERSE  VOLTAGE 
B.  G.  Mendelev 


To  estimate  the  influence  of  reverse  voltage  on  the  movement  of 
deionization  in  a  gas-discharge  device,  we  can  examine  the  ratio  of 
the  ion  concentration  at  a  given  moment  at  a  given  point  in  the 
absence  of  reverse  voltage3/t(<j^),  to  the  ion  concentration  at  this 


same  point  and  at  that  moment  of  time  when  reverse  voltage  is  applied 
n^i?)u  •  Let  us  call  this  ratio  ffiptjr)  the  field  factor, 

*6p.  i 


"(<i  r  )f  | 


Obviously,  the  field  factor  shovs  how  much  the  presence  of 
reverse  voltage  decreases  the  charge  concentration  at  a  given  point. 

In  a  previous  work  [1]  ve  shoved  experimentally  that  a)  the 
effect  of  the  anode  field  is  limited  by  the  layer  adjacent  to  it,  and 
b)  with  time,  this  effect  spreads  to  points  ever  further  away  from  it. 
These  experiments  shoved  no  acceleration  of  deionization  by  reverse 
voltage  to  the  moment  r'  when  the  layer  reaches  the  given  point. 


But  as  soon  as  the  examined  point  appears  in  the  layer,  there 
should  actually  occur  an  abrupt  reduction  in  charge  concentration  in 
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it  since,  unlike  plasma,  where  random  motion  of  ions  occurs  at  thermal 
velocity,  in  the  layer  there  is  directed  motion  of  the  ions  to  the 
anode  at  a  velocity  which  is  the  greater,  the  further  the  layer 
boundary  moves  from  this  point. 

It  should  be  stressed  that  information  on  the  movement  of 
deionization  can  be  obtained  relatively  easily  from  that  of  a  probe 
current  only  up  to  moment  t'.  After  this  moment  the  probe  current 
ceases  to  be  a  random  ion  current.  There  is  redistribution  of  the  ion 
current  between  the  probe  and  the  anode,  which  is  very  difficult  to 
take  into  consideration.  Therefore,  it  is  practically  impossible  to 
obtain,  directly  from  oscillograms  of  the  probe  current,  information 
on  acceleration  of  the  reverse-voltage  induced  movement  of 
deionization.  However,  if  we  experimentally  obtain  values  of  6  (the 
distance  of  the  layer  boundary  from  the  anode)  for  various  moments  of 
time,  using  these  data  we  can  calculate  the  ion  concentration  at  a 
given  point  and  then  determine  how  it  appears  in  the  layer.  If  the 
process  occurs  at  sufficiently  low  pressure,  we  can  use  the  "3/2  law” 
for  this  calculation.  We  know  that  if  the  distance  between  a  flat 
anode  and  a  charge  emitter  (the  layer  boundary  plays  this  role  in  our 
case)  is  equal  to  6,  while  the  current  is  limited  by  the  "3/2  law,"  at 
distance  y  from  the  anode  the  space  charge  density  can  be  expressed  by 
the  formula 


WWW.  i*.  w  wu  w  iW  JW  HJU.  IWI!  1 BWMfcl  MB  I"  ;  i'j  rr  *■}  ■  .■  ■ 
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where u  is  the  voltage  between  the  anode  and  the  charge  source,  equal 
in  our  case  to  the  reverse  voltage  [1]. 

If,  as  was  shown  in  [1],  for  the  time  interval  t*60-400  us,  we 
can  assume 


then  in  this  interval 


_ u  . 

81*  •  10*»  (A  «#)*• (A  “ *)*'•* 


(3) 


The  values  in  formulas  (2)  and  (3)  are  expressed  in  coulombs/cm * 
centimeters,  volts,  and  seconds. 

At  the  moment  the  layer  reaches  the  point  at  which  we  are  to 
calculate  the  concentration  formula  (2)  gives  p»».  Naturally,  this  i 
really  not  so,  but  is  obtained  because  of  the  approximate  nature  of 
the  "3/2  lav”  due  to  the  lack  of  initial  velocities  in  the  charge 
carriers.  Actually,  p  should  be  assumed  equal  to  the  charge 
concentration  at  this  moment  in  a  plasma  that  is  unperturbed  by  the 
field. 


At  the  low  pressures  at  which  these  discussions  are  valid  we  can 
also  consider  that  in  the  absence  of  reverse  voltage  the  motion  of 
deionization  is  exponential  [2]  with  time  constant  ij.  Therefore,  the 
field  factor,  in  accordance  with  (1)  and  (2), 
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In  our  previous  work  [1]  ve  experimentally  obtained  data  on  6(t) 
in  an  experimental  cylindrical  tube  with  diameter  70  mmHg,  filled  vith 
mercury  vapors. 

The  figure  shows,  by  way  of  example,  the  movement  of  ion 
concentration  in  this  tube,  calculated  using  data  from  formula  (2),  at 
a  point  20  mm  from  the  anode  with  various  reverse  voltages.  The 
values  of  r,  and  n(0)  were  obtained  by  us  in  the  manner  described 
previously  [1],  experimentally  from  the  probe-current  oscillograms. 
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